Abstract: Activity-based financing of Norwegian hospitals was implemented in 1997. An earlier study shows that when the activity-based component increases, the average length of stay for the elderly is reduced. If this reduction entails premature discharge, an increased activity-based component may have the undesirable side effect of increasing readmission rates. Yearly the Norwegian government decides the size of the activity-based component, and all hospitals face the same size. In this paper, we investigate whether the level of activity-based financing is associated with the readmission rates for acute-care patients above 70 years of age. The sample consisted of 468 010 hospital admissions among elderly patients in the period from 2000 to 2007. Using repeated cross-sectional data extracted from the Norwegian Patient Registry, a Cox regression model was used to estimate factors that may influence the hazard rate of a readmission within 30 days. The overall 30-day readmission rate was 6.6%. The results demonstrate that the activity-based component had no significant effect on the readmission rate. Patient-specific factors such as age, gender, diagnoses, comorbidities, as well as the time trend, were important predictors of readmission rates. We also found a statistically significant random effect of hospitals, although this effect was less substantial than the impact of patient characteristics. Our results show that the effect of the activity-based component on the readmission rate was negligible when it varied between 40% and 60%.
Introduction
Since July 1, 1997, Norwegian hospitals have had a mixed prospective financing system consisting of a risk-adjusted capitation component and an activity-based component (ABF). The ABF component, based on diagnosis-related groups (DRGs), has established economic incentives related to resource use (Epstein et al., 1991; Brownell et al., 1999; Yin et al., 2013) . Results from the literature have shown that these incentives may encourage hospitals to discharge patients prematurely, leading to increased rates of readmissions (Stern and Epstein, 1985; Petersen, 2010; Lindman et al., 2012) , which according to the literature are proposed to be an important indicator of patient health outcome and healthcare system performance (Anderson and Steinberg, 1984; WHO, 2005; Jencks et al., 2009; Yam et al., 2010) .
Readmission rates for elderly patients are important to examine because they may influence healthcare cost and quality, and according to (Jencks et al., 2009 ) approximately 17% of the annual hospital payment is generated by readmissions.. In US studies of Medicare patients, 30-day readmission rates range from 8% (Baker et al., 2004) to 21% (Jencks et al., 2009 ), depending on diagnosis. A recent systematic literature which searched 34 studies published from 1966 to 2010 in the MEDLINE and EMBASE databases (van Walraven et al., 2011) reported that the median proportion of readmissions deemed avoidable was 27.1%, but varied from 5% to 79%.
Previous studies have found that elderly patients living in their own home have a higher probability of being readmitted to the hospital than patients living in a nursing home or an institution (Camberg et al., 1997; Heggestad, 2002) , and a Canadian study reported that nursing homes reduced hospital use for patients older than 75 years of age (Shapiro et al., 1987) . Thus, it appears that hospital readmission is closely connected to the organisation and resource use in the long-term care sector as well as the specific care arrangement the patients receive in their own home.
Despite their importance, little is known about recent trends in the rate of readmissions in Norway, and how the financing system affects these rates. Although several studies have provided data on readmission rates after the ABF system was implemented, none of them has controlled for case-mix or investigated the effect of the variation in the ABF component on readmission rates (Petersen, 2010; Lindman et al., 2012) .
In Norway the central government decides the level of the ABF component based on political discussions in the parliament every year. Hence, the level is exogenous to the different hospitals and varies from one year to another, i.e., the level of the ABF component is identical for all hospitals. Between 2000 and 2007, the ABF changed several times, constituting between 40% and 60% of expected hospital revenues. In addition, the hospitals receive an income component from the state determined by the size and the composition of the population in the hospitals catchment area.
The current study builds on a previous study demonstrating that a 10% increase in the ABF component reduced the average length of each hospital stay by 1.3% (Yin et al., 2013) . If this reduction entails premature discharge, an increased ABF component may have the undesirable side effect of increasing readmission rates. In this paper, we therefore investigate whether the level of the ABF component is associated with higher readmission rates for a group of frail, elderly patients.
We applied a Cox regression model to estimate the factors acting on the hazard rate of readmission within 30 days of discharge, and tested the hypothesis that increasing the ABF component increases the readmission rate (Heggestad, 2001 (Heggestad, , 2002 .
Material and methods

2.1
Data The data used in the study was taken from the Norwegian Patient Registry (NPR) and includes individual patient data from 52 acute hospitals in Norway from 2000 to 2007. The data set was repeated cross-sectional, and the patients were identifiable within a given combination of year and hospital. We limited the data set to the 14 most frequent diagnoses among patients 70 years and older. The ICD 10 codes for the 14 diagnoses are shown in Table 1 
2.2
Statistical modelling A patient's first admission in a year was defined as the index admission, and the event was defined as acute readmission to the same hospital within 30 days of discharge. This time frame was chosen in accordance with previous studies on readmission rates (Kerr and Byrd, 1991; Bowman, 2001; Grabowski et al., 2007) . Index admissions could be either elective or acute, but for readmission only acute ones were included since elective ones were likely to be planned in advance and therefore not a result of premature discharge. The observation period was censored when a patient died or was readmitted for elective treatment before 30 days. The observation period was also censored at the end of the year, since readmissions in the following year could not be identified.
The level of the ABF at the time of the index admission was the main predictor, and other covariates were included primarily for the purpose of eliminating confounding effects. Although Figure 1 indicates a high level of annual variability in the ABF level, it correlates substantially with the year (-0,43), and it was therefore important to include a year variable, to control for a possible trend in readmission rates. Based on the relevant literature, we chose these patient specific variables: age, gender, DRG weight, number of comorbidities, dummies for the 14 diagnoses, and a variable indicating whether the index admission was acute or elective. We also included three dummy variables to account for the patients' place of residence after the index hospitalization, respectively: (1) the patient was discharged to home (reference category); (2) the patient was discharged to institution; (3) the patient was discharged to "other places"; (Soeken et al., 1991; Corrigan and Martin, 1992; Schneider et al., 1993; Naylor et al., 1994; Rich et al., 1995; Camberg et al., 1997; Krumholz et al., 1997; Heggestad, 2002; Gillick and Steel, 1983; Shapiro et al., 1987; Kerr and Byrd, 1991; Camberg et al., 1997; Heggestad, 2002) . We did not formulate specific hypotheses relating to the effect of these variables, since they were mainly included as confounders, but they might also provide findings worth discussing. To control for hospital-specific factors, we included the hospital identity as a random effect, which represents a possible positive correlation between admissions to the same hospital.
The mathematical specification of the hazard function ℎ( ) with random effects is given in Equation 1.
Here, ℎ 0 ( ) is the baseline time-dependent hazard, ABF and YEAR are the level of the ABF level and the calendar year at the time of the index admission, respectively. The vector ′ contains the patient specific variables, including the different care arrangements. The random effect is represented by ~(1, 2 ), where j refers to the hospital to which the patient is admitted. A fixed effect model was also considered (Equation 2), where the random effect was substituted with a vector ′ of hospital dummies.
The proportional hazard assumption in our Cox regression model was tested by plotting log-log survival curves. The model was estimated using STATA software (Reference Manual, Release 11, 2010, Stata Corporation, College Station, TX). Table 2 provides descriptive statistics for the whole sample of 468 010 individual hospital admissions included in this study, while table 3 shows descriptive statistics for the 14 different diagnoses. As can be seen the overall 30-day acute readmission rate was 6.6%. 
Results
Descriptive statistics
Estimation results for the Cox model
The acute readmission rate increased during the first few days after discharge from the hospital and then declined quickly (Figure 2 ). The parameter estimates are given in Table  4 . The ABF component has no statistically significant effect on readmission rates, disproving the main hypothesis of the study. Table 4 showed that almost all patient specific variables have significant impacts on readmission rates. Older patients, males and patients with larger number of comorbidities had an increased risk, while patients with higher DRG weights had reduced risk. Acute index admissions had increased readmission risk, compared to elective ones. Patients with arthrosis and fracture of the femur had much lower readmission rates than patients with other diagnoses. The hazard ratio for patients discharged to institution was 1.234, which means that patients discharged to an institution had significantly higher readmission rates than those discharged to home.
The random effect parameter of hospitals was significant at the 0.001 level. The estimated between-hospital variancevariables for hospitals gave virtually identical estimates for the other predictors, including the ABF level, so we do not use journal space to report these.
We also estimated the model when the definition of a readmission was reduced to two, seven or 14 days, and the results were similar to those obtained for 30-day readmission. 
Discussion
A Norwegian study (Yin et al., 2013 ) demonstrated that an increased ABF level can lead to shorter hospital stays in a Norwegian sample of elderly heart disease patients. In the present study we investigate whether this has a side effect of more frequent readmissions due to premature discharge. However, we found no statistically significant effect of change in the ABF rates on 30-day acute readmission rates among the elderly. Compared to previous studies in the field (Heggestad, 2002; Petersen, 2010) , strengths with the present study are that we control for the case-mix of patients, and that our data sample are large and almost complete, with no self-selection of patients during a seven-year time-span.
Consistent with previous studies, we found that patient-specific factors were predictors of whether a patient was readmitted to the hospital (Soeken et al., 1991; Corrigan and Martin, 1992; Schneider et al., 1993; Heggestad, 2002) . Older patients and males had an increased hazard of being readmitted, as had patients with more severe illness and higher number of comorbidities. The DRG weight coefficient in the model must be interpreted as the impact of patient severity that is not captured by the patient specific variables. The contra intuitive result might stem from weaknesses in the risk adjustment. The substantially lower readmission rates for patients with the two orthopaedic diagnoses, arthrosis and fracture of the femur, can be explained by the fact that patients with these two diagnoses are often discharged from the hospital to a rehabilitation institution where they receive medical care. Patients discharged to their own home have lower readmission rates than patients discharged to an institution. Earlier studies report that readmission rates to hospitals are related to the care arrangement and long-term care resources the patient receives in their resident municipality (Camberg et al., 1997; Heggestad, 2002; Marshall et al., 2004) . At first glance our result seems to be contrary to these findings. However, the explanation may be that the variable carries additional information on the patient's true health status, beyond the DRG weight, diagnosis, etc. Another possible explanation is that patients in institutions are more carefully monitored, so that health problems are identified more often, leading to increased readmission rates.
The random effect of hospitals was statistically significant, which indicates that there were real differences in readmission rates among hospitals, beyond the variation in the casemix. The standard deviation of the hospital level corresponds to an approximate change in the hazard rate of 15%. The trend variable was found to have a significant positive effect on the readmission rate, which reflects the fact that readmission rates have been increasing annually in Norway.
Since the estimated results from the fixed effect model were virtually identical to those of the random effect model and we have no interest in the hospital-specific estimates, we prefer to use the latter, due to parsimony.
Our results and their interpretation were subject to several limitations. One limitation was that a patient may be readmitted to another hospital after discharge, which would not be included in the analysis. However, the geographical organization of Norwegian hospitals, with strictly defined catchment areas, implies that this underestimation of readmission rates most likely is negligible. Besides the purely statistical uncertainty, the diagnosis codes may not be completely reliable due to coding practices and human error. For example, a patient with a femur fracture may be encoded with a primary diagnosis of pneumonia if pneumonia occurred as a complication and required considerable resources and length of stay. However, these weaknesses are not likely to be correlated with the ABF level, so the primary conclusion of the study is robust. It is important to underline that our study do not analyse effects of introduction of ABF but is designed to analyse marginal changes in the ABF rate.
It is outside the scope of this paper to investigate the causes of differences in readmission rates among the hospitals. However, previous studies have shown that inadequate medical management, a lack of information from hospitals and suboptimal discharge routines may increase readmission rates (Tierney and Worth, 1995; Fernández Gracia et al., 1997) . In addition, more information regarding coordination and cooperation between hospitals and municipalities, such as the distance to the hospital, nursing home characteristics etc. warrants further investigation.
Conclusion
The present analysis of a large data set of elderly patients admitted to and discharged from hospitals in Norway showed a negligible effect on readmission rates when the ABF level varied between 40% and 60%. The results further showed that patient characteristics strongly influenced the readmission rates. The trend variable was found to have a significant positive effect on the readmission rate. We also found a statistically significant random effect of hospitals, although this effect was less substantial than the impact of patient characteristics. Due to the specificities of the Norwegian ABF system, the effects of the hospitals financing system on elderly patients' readmissions could be different for other countries where the institutional setting differs from the prevailing financing and organisation of the Norwegian health care system.
